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INTRODUCTION
aspects of the EEG power spectra in 3-7-year-old children with ADHD and a history of stimulant ADHD, 7 Control). Of the remaining participants, 76 met criteria for ADHD and 78 were 181 classified as typically developing controls. Of those who met criteria for ADHD, 50 were 182 medication naïve (ADHD-), and 26 were actively treated with stimulant medications but 183 underwent a 24-hour medication washout prior to study procedures (ADHD+). The 24-hour 184 wash-out period was determined based on parent-report, and is the standard washout period used 185 for stimulants given their short half-life (Cole et al. 2008; Isiten et al. 2017; Valera et al. 2010; 186 Wigal et al. 2007) . A group of 50 typically developing (TD) participants was selected to match 187 the ADHD-group regarding both age and gender, and a subset of participants from the TD and 188 ADHD-groups were selected to age and gender match the group of 26 ADHD+ participants. 189 See Table 1 for Interview Schedule-young child version (DISC-IV; Shaffer et al. 2000) . In some cases, 197 additional information was obtained from the Achenbach child behavior checklist or 6-18 depending on age; Achenbach 1994), and the Swanson Nolan and Pelham Checklist 199 (SNAP-IV; Swanson 2011). Children included in the ADHD group either met diagnostic criteria 200 on the DISC-IV (n=64), or received a subthreshold score on the DISC-IV (n=8) but met clinical 201 thresholds on either the CBCL (ADHD subscale t-score ≥ 70, n= 3), the SNAP-IV (caregiver 202 endorsed 6/9 inattention or hyperactivity symptoms, n=4), or both (n=1). In addition, two participants met neither clinical nor subclinical threshold on the DISC-IV but met clinical 204 threshold on the SNAP-IV (n=1) or both the SNAP-IV and the CBCL (n=1). Further, due to 205 technical difficulties, two participants did not have DISC-IV scores, but met criteria on both the 206 CBCL and the SNAP-IV (n= 2).
207
Teacher report of ADHD symptoms was assessed using either the Teacher Report Form 208 of the CBCL (TRF; Achenbach 1994) or the Conners-3 Teacher Rating Scale (Conners 2001) in 209 48% of participants (N=61) due to complications in data collection. There was no difference in 210 ADHD symptoms between participants with and without teacher report on either the DISC,
211
CBCL, or SNAP-IV (p's>0.40). ADHD symptoms by group membership for each of the 212 measures is shown in Table 2 for the full ADHD-and TD samples, and Table 3 for the ADHD+ 213 sample and the age-and gender-matched TD and ADHD-subsamples. compliance; and 30 seconds of eyes closed data collection in which the child was instructed to sit 221 calmly with their eyes closed. This process was repeated seven times. While this is a non-222 standard procedure for collecting resting state EEG data, it was designed to maximize the 223 amount of artifact-free data given the young age of the children participating in the study and 224 similar procedures have been used elsewhere with children in this age range (Vuga et al. 2008) .
225
Even within this specially designed procedure, young children were unable to follow the direction to sit calmly with their eyes closed. Specifically during the eyes closed section, children at an effective sampling rate of 250 Hz. Electrodes were maintained such that at least 90% of the 234 128 electrodes had impedances below 50 kΩ prior to initiating the resting state recording.
were re-referenced to the average reference (Liu et al. 2015) , and exported to MATLAB 249 (MathWorks Inc., Natick MA) for further processing. 250 We identified and removed eye-blinks and muscle movements using Independent 
257
MARA is a supervised machine-learning algorithm that has been pre-trained to identify and label 258 independent components of the EEG signal as artifact or neural activity based on six features 259 described in Winkler et al. (2014) . Of the 71 components derived from ICA, only the first 12 260 accounted for more than 1% of the variance each. As such, a trained experimenter (SF) visually 261 inspected these first 12 components to verify MARA's artifact classification. In the rare 262 instances when it differed from MARA's classification, the experimenter's classification by 263 visual inspection was used. The remaining 59 components were classified solely based on 264 MARA's calculated probabilities, with those assigned a probability greater than 0.50 were 265 marked as artifact, and their time series were subtracted from the overall signal creating a 266 cleaned signal that is used for further analysis. amplitude within that range for the 12 channels tested. Two researchers (MR and MK) 282 independently identified the peak within the alpha range to the nearest 0.25 Hz with 83% 283 concordance. In those instances where the researchers differed in their classifications, the PAF 284 was re-evaluated to ensure accurate selection. Cases of discordance were due to either split 285 peaks, or minimal deviation from the aperiodic background scaling. If, upon re-evaluation, the 286 researchers could not agree upon a dominant peak, split peaks were averaged together to estimate 287 PAF, whereas those with minimal deviation from background scaling were regarded as having 288 no PAF and were excluded from PAF analysis. Of 100 participants, 91 had a clear alpha peak. Of 289 the nine individuals without an alpha peak, four were in the TD group and five were in the 290 ADHD-group. Those with and without alpha peaks did not differ in regards to group 291 (t (98) =0.346, p=0.730), age (t (98) =0.534, p=0.595), or data length (t (98) =1.090, p=0.278), but there 292 was a trending difference in gender (t (98) =1.947, p=0.054) with females being more likely to not 293 have an alpha peak. (Fig. 1D ) of the PSD between 4 and 50 Hz. Briefly, we first modeled the 312 aperiodic slope, then found the oscillatory peaks and fit them with Gaussians. We then subtracted 313 the Gaussians iteratively until all peaks were removed. We then refit the aperiodic slope of the 314 power spectrum with the peaks removed using an exponential function in semi-log power space.
315
This procedure provides an estimate for each EEG channel of two key aperiodic features of the 316 power spectrum: slope and offset.
Statistics. Data were analyzed using IBM SPSS Statistics version 25, and SAS version ADHD-(M=1.67, SD=0.43) than for TD (M=1.41, SD=0.48; F (1, 97) =8.708, p=0.004, η 2 =0.082; 340 Fig. 2C ). This pattern was consistent across all electrodes tested with C3 (p=0.042), Cz 341 (p=0.005), F3 (p=0.042), FCz (p=0.012), O1 (p=0.005), O2 (p=0.005), P4 (p=0.01), and Pz 342 (p=0.005) surviving FDR correction (Fig. 2D ).
344
Individual Peak Alpha Frequency. Individual peak alpha frequencies ranged from 5.75 -345 11.25 Hz (Fig. 3A) . We tested for a difference in the peak alpha frequency between the full TD 346 and ADHD-groups with an ANCOVA, and found no significant difference in average peak 347 alpha between the ADHD-(M=8.43, SD=1.25) and TD (M=8.84, SD=1.03) groups (F (1, 88) =2.80, 348 p=0.098; η 2 =0.031; Fig. 3B ).
350
Narrowband Alpha and Theta. We estimated the individualized alpha and theta power 351 bands based on the location of each person's peak alpha frequency. Using ANCOVA, we found 352 no significant between-group differences in individualized theta power ( Fig. 4A; F (1,97) =2.15 , 353 p=0.15). We did find a significant group-difference in individualized alpha power ( Theta/Beta Ratio. Theta/beta ratios have been widely used to compare children with
We also found a main effect of group on offset (F (2,74) SD=0.52, p=0.038 Bonferroni corrected). In contrast, there were no significant differences in 388 offset between the ADHD+ and TD groups (ps>0.9). Amongst individual electrode pairs ( Fig.   389 6D), the TD group had significantly lower offset than the ADHD-group for C3 (p=0.028), with 390 Cz (p=0.008), FCz (p=0.011), O1 (p=0.008), P4 (p=0.015), and Pz (p=0.008) withstanding FDR 391 correction. The ADHD+ group had significantly lower offset than the ADHD-group with Cz 392 (p=0.008), FCz (p=0.023), O1 (p=0.015), P4 (p=0.023), and Pz (p=0.015) withstanding FDR 393 correction. Again, there were no significant differences in offset between the TD and ADHD+ 394 groups for any of the electrode pairs (p's>0.50). By quantifying four distinct features of the EEG power spectrum, including aperiodic slope 398 and offset, peak alpha frequency, and power within individualized alpha and theta bands, we 399 identified a novel neural correlate of ADHD. Moreover, our findings may explain discrepancies 400 in the ADHD literature regarding theta/beta ratios. To summarize, we found that medication 401 naïve children with ADHD had steeper spectral slopes and elevated offsets compared to typically 402 developing children. While this is the first report evaluating spectral slope in children with 403 ADHD, it is consistent with reports of elevated low frequency: high frequency power captured 404 by commonly used theta/beta ratio. While we did not find a significant group difference in 405 theta/beta ratio in this sample, spectral slope positively correlated with theta/beta ratio, 406 suggesting that band-limited theta/beta ratio calculations may inconsistently capture the shift in low relative to high frequency EEG power in ADHD. In contrast, spectral slope considers the 408 full EEG spectrum and may be a better metric as it is not confounded by shifts in aperiodic 409 offset, peak frequencies, or narrow-band power. Together, our findings support the use of 410 spectral slope as a measure of a shift in low relative to high frequency power in ADHD. These the theta/beta ratio, which has been frequently reported as an EEG biomarker in children with traditional measures of theta/beta ratio, although theta/beta ratio itself did not differ between Table 3 . Average ADHD symptoms for the ADHD+ group, and the TD and ADHD-subgroups.
795
Values are presented as mean ± standard deviation. The number of participants with scores for 796 each measure is listed in parenthesis. The ADHD+ (stimulant treated ADHD after medication 797 washout) and ADHD-(medication naïve ADHD) groups have significantly more symptoms on 798 all parent report measures as compared to TD (typically developing). However, ADHD-, but not 799 ADHD+, had significantly more symptoms than TD on teacher report measures, likely due to 800 effects of medication during school hours. Abbreviations as reported in Table 1 . Group demographics for the full ADHD-and TD samples, as well as the subgroups selected for age and gender matching with the ADHD+ group.
